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Since Ehrlich's original description of the mast cell in 1877 much speculation
has been made regarding its functional nature. Michels (1) tabulated some
twenty-five heterogenous functional possibilities; however, convincing factual
proof was lacking for each.
Holmgren and Wilander (2) in 1937 correlated the metachromatic staining
property of mast cell granules with that of acid mucopolysaccharides and re-
lated the number of mast cells to the amount of extractable heparin in tissue.
From this they concluded that mast cell granules contain heparin, and they
suggested that the function of mast cells is to furnish the body with its natural
anticoagulant. By means of centrifugal separations Julén, Snellman and Sylvén
(3) demonstrated a metachromatic staining inter-particulate substance in the
cytoplasm of the mast cell. They raised the possibility that the granules do not
actually contain heparin but stain metachromatically because they have it
adsorbed to their surfaces.
One of the old theories that mast cells produce connective tissue substances
(mucin of Harris (4), connective tissue barriers of Fromme (5), and cement
substance of Staemmler (6)) has been revived by Asboe-Hanson (7—12) who
postulated that they produce hyaluronic acid. This concept is based on the pres-
ence of mast cells adjacent to metachromatically staining areas in sections from
various dermatoses, and morphologic changes of cells following hydrolysis of
the metachromntic substances with a hyaluronidase preparation. However, some
tissues known to contain large amounts of hyaluronic acid, i.e., cock's comb and
placenta, contain few, if any, mast cells (13, 14). Moreover, bovine testicular
hyalnronidase preparations also hydrolyze polysaccharides other than hyaluronic
acid, e.g., chondroitin sulfuric acid (15); hence loss of staining characteristics
after treatment with such preparations cannot be ascribed specifically to removal
of hyaluronic acid. Glick and Sylvén (16) presented evidence indicating that
the nonspecific hyaluronidase inhibitor of blood serum might be a heparin-
Presented at the Thirteenth Annual Meeting of The Society for Investigative Derma-
tologists, Chicago, Illinois, June 7, 1952.
* From the Division of Dermatology (Dr. Henry E. Michelson, Director) the Department
of Physiological Chemistry, University of Minnesota Medical School and the Minneapolis
General Hospital (Dr. Carl W. Laymon, Director), Department of Dermatology.
t This investigation was aided by grants from the Division of Research Grants and Fel-
lowships, National Institutes of Health, U. S. Public Health Service, Bethesda, Md., and
the Medical Research Fund of the Graduate School of the University of Minnesota.
t Data in this paper were included in a thesis submitted in partial fulfillment of the re-
quirements of the Graduate School of the University of Minnesota for the degree of Master
of Science in Dermatology.
The technical aid of Miss K. Jansen, Miss A. Brown, and Miss M. Ochs is gratefully
acknowledged.
119
120 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
lipoprotein complex. Extracts of tissues rich in mast cells showed inhibitions of
hyaluronidase which somewhat paralleled their heparin content. It would thus
seem that mast cells might be a source of this inhibitor.
Good, Good, Kelley, and Glick (17, 18) showed that various stress conditions
arid injections of ACTU and cortisone cause an increase in the serum level of
non-specific hyaluronidase inhibitor. The purpose of this study is to determine
whether such conditions and treatments can be correlated with the morphology
and concentration of tissue mast cells in the skin and subcutaneous tissue of the
rat, with the view that mast cells might possibly be a source of the non-specific
hyaluronidase inhibitor in blood serum.
FIG. 1. Biopsy section of normal rat skin showing scattered distribution of mast cells
within the ruled micrometer frame (x100). Tol. blue-eosin stain.
METHODS
Concentration of tissue mast cells
Preperetion of tissue. Full-thickness biopsies were performed on the abdominal skin of
young Sprague-Dawley rats. The tissue was fixed in either absolute alcohol or Lavdowsky's
alcoholic formalin fixative for 24 hours, then dehydrated and embedded in the usual manner.
Sections of 6 j. thickness were stained with 0.1% toluidine blue in 30% alcohol for 5 minutes
and counterstained with eosin for 10 seconds.
Estimetion of the concentretion of mest cells. A modified technic of Larsson and Sylvén
(19) was employed, using a Spencer monocular microscope with a 16 mm. N.A. 0.25 — lox
objective and a l0 ocular containing a ruled micrometer disc. The microscope field used
for counting cells measured 0.425 x 0.6 mm. (0.255 mm1). The long border of the rectangle
was superimposed over the junction of the epidermis and corium in the stained skin section
as shown in Figure 1. The mast cells contained in 5 such non-overlapping frames per section
were counted for 10 non-serial sections per biopsy specimen for a total of 50 frames.
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Morphology of tissue mast cells
Preparation of the tissue. Kolough's (20) method of air drying a film of subcutaneous tis-
sue on a glass slide and staining was employed. A small specimen of filmy subcutaneous tis-
sue was obtained through a small linear incision in the abdominal skin of young Sprague-
Dawley rats and gently teased onto the surface of a glass slide. After fixation for three hours
in absolute alcohol, the preparations were stained with 0.1% toluidine blue in 30% alcohol
for 1 minute, cleared through 70% alcohol and xylene, and mounted with dante under a
glass coverslip.
EXPERIMENTAL
Normals
Two groups of rats were studied by the biopsy counting technic to determine
the normal range of the concentration of mast cells in the skins of different rats
and in two specimens from the same animal. One group of rats was studied by
the subcutaneous tissue spread technique to determine the normal range of
morphologic characteristics of the mast cells in this tissue.
Cold Stress
The effect of cold stress was studied in 4 groups of rats by immersing the
animals in ice water for a single interval of 20 minutes. Skin biopsies and sub-
cutaneous spreads were made before the stress and j, 3, and 24 hours after-
wards. Four other groups of rats were chilled in the same manner for 20 minute
intervals on each of 5 consecutive days. Biopsies and spreads were made before
and at intervals of 3 and 6 hours following the final chill. Good, ci at., (17, 18)
showed in their experiments that the maximum elevation of nonspecific hyaluron-
idase inhibitor occurred following daily chilling for 5 days.
ACTH
Sixteen groups of rats were given ACTH (Armour) as single intramuscular
injections of 10—50 mg./kg. each. Skin biopsies and subcutaneous spreads were
made before and 3', 3, 6, 24, 48, and 72 hours after the injection. Additional
skin biopsies were made in 1 group of 2 animals 5 days after the injection and in
1 animal, 10 days after. Seven additional groups were given ACTH (Armour)
as daily intramuscular injections of 10—50 mg./kg. each for 2 to 5 days. Biopsies
and spreads were made before the first injection and 3, 6, 12 and 72 hours after
the final injection. One biopsy was made 8 days after the last injection.
Cortisone
Sixteen groups of young adult rats were given cortisone (Cortone, Merck)' as
single injections of 10—100 mg./kg. each. Skin biopsies and spreads were made
before and 3, 6, 24, 48, and 72 hours after the injection. Five similar groups were
given cortisone (Cortone-Merck) as daily intramuscular injections of 10—100
'The Cortone used was kindly supplied through the courtesy of Drs. H. J. Robinson and
A. Gibson of the Merck Institute for Therapeutic Research, Rahway, N. J.
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mg./kg. each for 5 days. Biopsies and spreads were made before and 6, 24, and
72 hours following the final injection. One group of 2 rats was given cortisone
(Cortone-Merck) injections of 25 mg./kg. daily for a total of 60 days. Spreads
were made before and 24 hours after the injection on the 5th, 15th, and 60th
days.
One rat had cortisone ointment (1.0 mg./gm. of water-miscible absorbent
base (Upsher-Smith)) applied locally to the abdominal skin twice daily for 5
days. A biopsy was made 4 hours after the last application.
One group of 4 rats was injected subcutaneously with 1.0 cc. of cortisone
suspension (12.5 mg./cc.). Subcutaneous spreads were made before and 1, 2,
and 6 days after infiltration.
Pyro jen
Six groups of rats were given Pyromen® (Baxter), a non-anaphylactogenic
polysaccharide pyrogen derived from Pseudomonas aeruginosa, as single intra-
peritoneal injections of 50 pg./kg. Subcutaneous spreads were made before in-
TABLE I
Concentration of Tissue Mast Cells in Skin Biopsy Sections of the Normal Rat
TYPE OF SPECIMENS MEAN NO. CELLS PER MICROSCOPIC FIELD (0.255 MMI)
Single biopsy from abdominal skin of 6 rats 10.0, 10.0, 5.9, 5.4, 8.7, 5.0
Biopsies from right and left sides of abdom-
inal skin of 3 rats Right 7.1 Left 6.7
4.2 3.9
8.0 7.9
jection and at intervals of 5, 10, 15, 30, 60, 90, and 240 minutes following the
injection.
Four additional groups were given Pyromen® (Baxter) as single intravenous
injections of 20 sg./kg. each. Spreads were made before and 5, 10, 15, 30, 60,
and 240 minutes after injection.
Nitrogen mustard2
A group of 6 rats was given single intravenous injections of nitrogen mustard
(mechiorethamine hydrochloride-Merck) 2.0 mg./kg. each. Subcutaneous spreads
and blood leukocyte counts were made before and 48 hours following the injec-
tion.
RESULTS
Concentration of tissue mast cells
Normals. The variation in number of mast cells per rectangular frame (of
previously described dimensions) in skin biopsy sections from the abdomens of
I The mechiorethamine hydrochloride used was kindly supplied through the courtesy of
Dr. R. A. Good, Department of Pediatrics, University of Minnesota Medical School,
Minneapolis.
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6 rats is shown in Table I. This variation ranged from a mean value of 5.0 to
10.0 cells per frame. The variation in sections from biopsies of symmetrical areas
on the right and left side of the abdominal skin of the same rat was only 0.1 to
0.4 cells per frame.
Following treatments with cold stress, ACTH, and Cortisone. The variation in
numbers of mast cells in control sections and in those following stress and treat-
ments with ACTH and cortisone are shown in Tables II, III, and IV. In all
groups the changes were variable and erratic. Following the same treatment,
some specimens showed but slight irregular increases or decreases, while others
varied largely from values one-half to twice the control. The inconsistency of the
variable increase or decrease in the number of cells following each treatment
indicated that there was no demonstrable consistent change exerted by either
TABLE II
Concentration of Tissne Mast Cells in ,Skin Biopsy Sect ions of the Rat Following Cold Stress
MEAN NO. CELLS PEE MICROSCOPIC FIELD
TYPE OP STRESS (0.255 MIII). EACH PAIR OP NUMBERS
POE A DIFFERENT RAT
Control 7.1
Single 20 mm. chill 6.2 04 hr.)*
Control 7.1, 5.0, 8.2
Single 20 mm. chill 6.8, 6.3, 7.6 (3 hr.)*
Control 5.6, 7.4
20 miri. chill daily for 5 days 8.4, 4.9 (3 hr.)*
Control
20 mm. chill daily for 5 days
8.1, 8.3
9.1, 9.4 (6 hr.)*
* Time of sampling after chill.
cold stress, ACTH, or cortisone on the concentration of mast cells in the skin
of the rat.
Morphology of tissue mast cells
Biopsy sections. The morphologic characteristics of the mast cells were often
obscure in skin biopsy sections (Fig. 2). There was marked variation in size,
ranging from 4 to 20 in diameter. The shapes were irregular. Many bits of
granular tissue not representing whole intact cells were scattered throughout the
sections. Most of the cells were concentrated perivascularly about blood vessels
lying in a horizontal plexus at the junction of the dermis and hypoderm. Above
this area the cells were distributed more at random or in very small groups about
the small superficial vessels. This more or less random field was the portion which
lay in the rectangular counting frame. Many cells showed evidence of mechanical
rupture with varying degrees of granular disperison. In all sections to varying
degrees were some cells showing partial dissolution or lysis of granular material
into pale metachromatic purple masses. These masses were always contained
within the cell boundaries and did not show diffusion into the surrounding tissues.
Such cells were seen in all portions of the tissue section but were more concen-
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trated in the central area. All cells exhibited extreme chromophilia, staining
densely purple with toluidine blue. Pale cells showing polychromasia or oxyphilia
and abnormally staining intracytoplasmic masses were never seen.
Subcutaneous tissue spreads. The spread technic was by far the superior method
of demonstrating cellular morphology. The findings in all specimens of normals
TABLE III
Concentration of Tissue Mast Cells in Skin Biopsy Sections of the Rat Following Treatment
With ACTH
MEAN NO. CELLS PER MICROSCOPIC FIELD
DOSE OF ACTU (0.255 MM'). EACH PAIR OF NUMBERS
FOR A DIFFERENT RAT
Control 5.6, 6.2, 6.2
25 mg/kg. I. M., single inj 7.2, 7.2, 5.8 (1, hr.)*
Control 5.6, 6.2, 6.2
25 mg/kg. I. M., single inj 7.1, 5.0, 4.8 (3 hr.)*
Control 6.2
25 mg/kg. I. M., single inj 4.5 (5 days)k
Control 6.2
25 mg/kg. I. M., single mi 3.9 (10 days)*
Control 4.8
50 mg/kg. I. M., single inj 4.0 ( hr.)*
Control 4.8
50 mg/kg. I. M., single inj 5.7 ( hr.)k
Control 9.6, 9.0
50 mg/kg. I. M., single inj 9.4, 9.1 (24 hr.)*
Control 9.6, 9.0
50 mg/kg. I. M., single inj 8.2, 8.5 (48 hr.)*
Control 9.6, 9.0
50 mg/kg. I. M., single inj 10.0, 10.3 (72 hr.)*
Control 4.8
50 mg/kg. I. M., single inj 5.6 (5 days)*
Control 5.6
25 mg/kg./12 hr. for 5 days 8.7 (6 hr.)*
Control 5.6
25 mg/kg./12 hr. for 5 days 9.0 (8 days)*
Control 6.2
25 mg/kg./8 hr. for 4 days 4.3 (3 hr.)*
Control 6.2
25 mg/kg./8 hr. for 4 days 4.9 (3 days)*
* Time of sampling after last injection.
and in those treated with cold stress, ACTH, cortisone, and Pyromen® were
identical.
a. Size—the size of the cells varied from 5 to 30 p in diameter.
b. Shape—most of the cells were oval, but some were circular, fusiform, and
stellate.
c. Grouping—the arrangement was most characteristically perivascular; how-
ever, many were scattered irregularly in the intervascular tissue as isolated cells
TABLE IV
Concentration of Tissne Mast Cetts in Skin Biopsy Sections of the Rat Fottowiny Treatment
with Cortisone
Control
25mg/kg. I. M., single inj
Control
62.5 mg/kg. I. M., single inj
Control
62.5 mg/kg. I. M., single inj
Control
62.5 mg/kg. I. M., single inj
Control
100 mg/kg. I. M., single inj
Control
100 mg/kg. I. M., single inj
Control
100 mg/kg. I. M., single inj
Control
25 mg/kg. I. M. daily for 5 days
Control
25 mg/kg. I. M./l2 hrs. for 5 days
Control
25 mg/kg. I. M./l2 hrs. for 5 days
Control
Ijngt. 1.0 mg/gm. locally to abdominal skin b.i.d.
for 5 days
* Time of sampling after last injection or application.
MEAN NO. CELLS PER MICROSCOPIC FIELD
(0.255 MMI). EACH PAIR OP NUMRERS
FOR A DIPFERENT RAT
4.6
5.4 (20 hr.)*
6.3
6.7 (3 hr.)*
4.9
4.2 (24 hr.)*
4.9
4.5 (72 hr.)*
7.9, 9.5, 7.6, 8.2, 8.5, 8.6
8.1, 9.4, 8.0, 7.0, 8.8, 8.8 (24 hr.)*
7.9, 9.5, 7.6, 8.2, 8.5, 8.6
8.4, 9.2, 7.2, 8.2, 8.9, 7.4 (48 hr.)*
7.9, 9.5, 7.6, 8.2, 8.5, 8.6
9.7, 9.0, 7.0, 8.2, 8.9, 8.4 (72 hr.)*
5.4
7.8 (24 hr.)*
6.3
6.4
6.3
6.2
5.3
5.5 (4 hr.)*
Fsa. 2. Skin biopsy section of a cortisone treated rat showing poorly defined morphologic
featnres (1<650). Tol. blue-cosin stain.
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FIG. 3. Subcutaneous tissue spread of a normal rat showing pen- and intervaseular dis-
tribution of mast cells (X35). Tol. blue stain.
FIG. 4. Subcutaneous tissue spread of a cortisone troated rat showing normal distribution
and no gross morphologic cbanges in the mast cells (X120). Tol. blue stain.
or groups (Figs. 3, 4). Some gyrate blood vessels were entirely devoid of pen-
vascular mast cells.
d. Granulation—practically all cells contained numerous spherical granules
within the cytoplasmic boundary. Some cells especially at the periphery of the
spread showed evidence of mechanical rupture with spillage of granules into the
I 
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STUDIES ON TISSUE MAST CELLS 127
FIG. 5. Subcutaneous tissue spread of a normal rat showing several abnormal "pale"
cells lying between three normal metachromatic purple mast cells (X650). Tol. blue stain.
FIG. 6. Subcutaneous tissue spread of a nitrogen mustard treated rat showing multiple
mast cells undergoing true toxic cellular disintegratiou (X650). Tol. blue stain.
surrounding tissue. This finding occurred mainly in the areas traumatized by
the teasing needle during the preparation of the spread.
e. Tinctorial character—most of the cells stained uniformly a dark metachro-
matic purple color; however, in more than half of the normal as well as treated
specimens there were occasional to few abnormally staining "pale" cells which
•
•. ii':-
4-
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stained metachromatically and/or oxyphilically. A rare cell showed spotty dis-
tortion of the granules into clumped amorphous masses within the cytoplasm
(Fig. 5). These "pale" cells were seen most consistently in thick portions of the
spreads where staining tended to be incomplete.
The morphologic findings in the spreads from the group of rats treated with
nitrogen mustard were identical with those described above with regard to size,
shape, and grouping; however, throughout the entire spread from each rat,
there were scattered, isolated, and grouped cells undergoing marked toxic de-
generation (Fig. 6). These cells exhibited karyorrhexis, karyolysis and disintegra-
tion of granules by lysis into aggregate, spherical refractile intracytoplasmic
masses which stained a dark purple to dark red. Ultimately the cells degenerated
into scattered structureless masses. There was never diffusion of granules or
"free chromotrope substance" into the surrounding tissues. The disintegrating
cells were seen as frequently in the intervascular groups as in the perivascular
cells.
TABLE V
The Effect of Nitrogen Mustard on the Peripheral Lencocyte Count in the Rat
WBC PER MM1 FOR DIFFERENT RATS
—
Before Treatment 48 hr. After Injection of Mechlorethamine HCI2.0 mg/kg. I. V.
25,350
21,400
12,300
21,900
11,300
10,800
600
1,650
4,000
900
3,850
400
A toxic effect was demonstrated concomitantly on the peripheral leukocytes
by their marked reduction in number 48 hours following injection of the nitrogen
mustard (Table V). In a preliminary study it was found that the blood serum
non-specific hyaluronidase inhibitor increased markedly after these injections.
DISCUSSION AND CONCLUSIONS
The concentration of mast cells in the skin of different normal rats was quite
variable, but the variation in specimens from symmetrical areas on the same ani-
mal was slight. These findings are in accord with those of Larsson and Sylvén
(19). The changes in concentration in symmetrical areas of animals before and
following cold stress, ACTH, and cortisone were erratic and inconsistent. Mor-
phologic studies of skin biopsy tissue were considered somewhat unreliable due
to the multiple possibilities of artefact which include mechanical disruption of
cells by the microtome knife, partial or complete dissolution of cell granules due
to fixation and embedding procedures and degenerative effects due to cell plas-
molysis when the tissue was too thick for rapid fixation.
Subcutaneous tissue spreads proved to be an excellent medium for studying
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morphologic characteristics of the mast cells. The cells were discretely defined
and stained well. The tissue was thin and fixed rapidly, thus minimizing dis-
tortion due to slow or inadequate fixation; however, there was a certain amount
of mechanical trauma in teasing the spreads onto the glass slide, which even dis-
rupted some of the cells. Thicker areas occurring in some of the spreads caused
imperfect staining, due to improper penetration of the dye, which gave certain
cells a spurious oxyphilic to metachromatic character. Obviously distorted areas
on the spreads were avoided whenever recognized.
Even in normal areas of tissue spreads occasional "pale" cells were seen which
tended to be oxyphilic and sometimes contained irregular amorphous masses
within the cytoplasm. These "pale" cells, along with a marked variation in
individual cell size, shape, grouping, and incidence of cell rupture occurred with
equal frequency in normal and control specimens and in animals subjected to
cold stress, ACTH, and cortisone treatments.
Cellular degeneration was demonstrated following treatment with cytotoxic
drug, nitrogen mustard. These necrotic changes were not unlike those described
by Friedenwald (21) occurring in corneal cells after similar treatment.
The morphologic changes described by Stuart (22, 23) following injections of
Pyromen® and cortisone could not be shown to be different from the changes
observed in controls. Since no significant change could be found after administra-
tion of ACTH and cortisone, it is not altogether surprising that the results with
Pyromen® were similar, there is some indication that the pharmacologic action
of this substance is related to the pituitary-adrenal system (24).
From the present study it is concluded that there was no demonstrably sig-
nificant change in the normal variation in concentration of mast cells in the skin,
or of their morphology in the subcutaneous tissue of the rat following cold stress,
ACTH, cortisone, or Pyromen® treatments. Nitrogen mustard causes a toxic
disintegration of many of the mast cells.
The possibility still remains that mast cells might produce non-specific hyalu-
ronidase inhibitor even though the present studies were negative with respect
to number, morphology, and metachromatic properties in stained sections. A
study is now underway to determine whether the mast cells lose substance, as
measured by x-ray absorption, following conditions known to cause an increase
of inhibitor in the blood serum.
SUMMARY
Seventy groups of rats were studied by means of a full-thickness skin biopsy
counting technic and by a subcutaneous tissue spread method in order to deter-
mine the effect of cold stress, ACTH, cortisone, a pyrogen (Pyromen®) and
nitrogen mustard on the concentration and morphology of tissue mast cells.
No consistent change in the concentration of mast cells in skin before and after
cold stress, ACTH, and cortisone treatments could be demonstrated.
Variations in the morphologic characteristics of size, shape, grouping and gran-
ulation, and in metachromatic staining with toluidine blue observed in subcu-
taneous tissue spreads after treatments with cold stress, ACTH, cortisone, and
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Pyromen® were not consistently different from the vnriations observed before
the treatments.
Treatment with nitrogen mustard caused true cytotoxic degeneration of ninny
tissue mast cells within 48 hours following the intravenous administration.
Implications of these findings in relation to the possible role of mast cells as
a source of the non-specific hynluronidase inhibitor in blood serum have been
discussed.
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DISCUSSION
DR. HAMILTON MONTGOMERY, Rochester, Minn.: Mast Cells have been of
particular interest in the histology of urticaria pigmentosa. It is generally ac-
Cepted that mast cells contain heparin, and heparin is water soluble. Therefore,
as Ebert has emphasized, the tissue should not be fixed in formalin but prefer-
ably in absolute alcohol or 3 per cent solution of subacetate of lead. I, however,
have not had much trouble in demonstrating granules in formalin fixed material,
although Doctor Lorincz tells me he has. In cases of urticaria pigmentosa, in-
cluding the generalized papular type described by Graham in 1942, when the
material has been fixed in absolute alcohol, I have found that one can demonstrate
not only heparin with polychrome methylene blue and Giemsa stains, but the
mast cells take on a positive stain with McManus and Hotchkiss and toluiden
blue and mucicarmine stains, thus indicating that the mast cell has something
to do with hyaluronic acid, thus indicating that the mast cell has something to
do with hyaluronic acid, polysaccharides, aud possibly nucleoproteins, as well
as mucin. I would like to ask both essayists about this matter.
DR. LEON GOLDMAN, Cincinnati, Ohio: I would like to ask whether any studies
were made on mast cells with local injection of steroids? I would also like to ask
if any studies have been made on human skin?
DR. EUGENE P. SCHOCH, JR., Minneapolis, Minn. (in closing): No one was
more anxious than we to get a positive result in this experimental study; but
because of the fact that we found abnormally appearing cells in our controls as
well as in the treated animals, we could not attribute much significance to it.
Dr. Montgomery has asked what mast cells do. I cannot answer this question.
His reference to the different staining reactions was very interesting. Drennan
(J. Path. & Bact., 63: 513 (July 1951)) also described variation in staining char-
acteristics of mast cell which were thought due to the degree of sulfation of the
contained heparin. Heparin monosulfate stained palely; whereas heparin poly-
sulfate stained darkly.
Dr. Goldman asked about the local injection of steroids. We did inject corti-
sone subcutaneously but the tissue reaction obscured the picture. The mast cells
observed did not undergo any disintegration that we could attribute to the
injections.
